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OF THIN FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the wettability of a thin film with a lower electrode by specifying 
the structural component of a coating liquid for the formation of a thin film. 

SOLUTION: When a ferroelectric thin film comprising a Bi laminar compd. containing Sr, Bi and Ta as the 
component elements is formed by a wet method, a methoxypropanol soln. containing each metal alkoxide of 
Sr f Bi and Ta is used as a coating liquid. Thereby, the wettability of the ferroelectric thin film thus formed 
with Pt which is generally used as a material for the lower electrode can be improved. Therefore, since a 
short circuit between the upper electrode and the lower electrode can be avoided, a ferroelectric 
nonvolatile memory can be produced with good production yield. Moreover, a ferroelectric thin film 
comprising a Bi laminar compd. containing Nb or Ti instead of Ta can be also produced by the same method 
as above-mentioned, and the same performance can be realized. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The formation method of the ferroelectric thin film characterized by using the methoxy propanol 
solution containing the metal alkoxide of Sr f Bi p and each Ta as application liquid in forming the ferroelectric 
thin film which consists of Bi (bismuth) stratified compound which contains Sr (strontium), Bi (bismuth), and 
Ta (tantalum) as a component element with a wet method. 

[Claim 2] the ferroelectric thin film which consists of Bi (bismuth) stratified compound which contains Sr 
(strontium), Bi (bismuth), and Nb (niobium) as a component element — a wet method — forming — hitting 
— as application liquid — Sr r Bi, and Nb — the formation method of the ferroelectric thin film characterized 
by using the methoxy propanol solution containing each metal alkoxide 

[Claim 3] The formation method of the ferroelectric thin film characterized by using the methoxy propanol 
solution containing the metal alkoxide of Sr, Bi, and each Ti as application liquid in forming the ferroelectric 
thin film which consists of Bi (bismuth) stratified compound which contains Sr (strontium), Bi (bismuth), and 
Ti (titanium) as a component element with a wet method. 

[Claim 4] Application liquid for thin film formation characterized by making a solvent into methoxy propanol 
including the metal alkoxide of Sr, Bi, and each Ta in the application liquid for forming the ferroelectric thin 
film which consists of Bi (bismuth) stratified compound which contains Sr (strontium), Bi (bismuth), and Ta 
(tantalum) as a component element with a wet method. 

[Claim 5] the application liquid for forming the ferroelectric thin film which consists of Bi (bismuth) stratified 
compound which contains Sr (strontium), Bi (bismuth), and Nb (niobium) as a component element with a wet 
method — setting — Sr, Bi, and Nb — the application liquid for thin film formation characterized by making ; 
solvent into methoxy propanol including each metal alkoxide 

[Claim 6] Application liquid for thin film formation characterized by making a solvent into methoxy propanol 
including the metal alkoxide of Sr, Bi, and each Ti in the application liquid for forming the ferroelectric thin 
film which consists of Bi (bismuth) stratified compound which contains Sr (strontium), Bi (bismuth), and Ti 
(titanium) as a component element with a wet method. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the formation method of a 

ferroelectric thin film, and the application liquid for thin film formation. 

[0002] 

[Description of the Prior Art] Bi stratified compound thin film which contains Sr as a component element 
attracts attention. Compared with the PZT system material thin film which was the center of research and 
development conventionally as a ferroelectric thin film, it is because there is little polarization reversal 
fatigue (reference 1: " the collection of the 12th ferroelectric application meeting lecture drafts, p57 -58, 
1995", and reference 2: " the collection of the 12th ferroelectric application meeting lecture drafts p139 
-140, 1995" reference). 

[0003] This Bi stratified compound thin film can be formed by the spin applying method like a sol gel process 
or an organic-metal part solution method (the MOD method). In forming by the spin applying method like a 
sol gel process or the MOD method, it melts to a solvent the organic metal (the source of a component 
element may be called hereafter) of each component element which constitutes Bi stratified compound first. 
And after dropping this mixed organic-metal solution (application liquid may be called hereafter) on a 
substrate and carrying out a spin application, it heat-treats at an elevated temperature 
[0004] 

[Problem(s) to be Solved by the Invention] However, in forming the thin film of Bi stratified compound by 
such spin applying method, the wettability of the thin film to a ground changes with each source of a 
component element and solvents to be used. When applying this thin film to for example, ferroelectric 
non-volatile memory, the wettability of this thin film needs to be good to the lower electrode used as the 
ground in which a thin film is formed. If the wettability of a thin film is bad when the application liquid used a< 
the material of a thin film is applied on a lower electrode, the case where it is dotted with the portion which 
the front face of a lower electrode exposes, for example, and it is formed will arise. If it does so, the up 
electrode and lower electrode which sandwich a thin film will be short-circuited in the portion (short). 
Moreover, the case where it is formed to a lower electrode after the thin film has floated partly arises. If it 
does so, impression of the electrical signal to a thin film will not be performed as a request, for example. The 
method of forming a ferroelectric thin film with sufficient wettability to a lower electrode is desired 
[0005] 

[Means for Solving the Problem] When the artificer concerning this application etc. tries formation of the 
thin film of Bi stratified compound which contains Sr, Bi, and Ta (or Nb or Ti) as a component element using 
various sources of a component element and solvents, then, according to the kind of solvent When the 
wettability to the ground of the produced thin film changed and methoxy propanol was used especially as a 
solvent, it found out that the general wettability to platinum (Pt) as a lower electrode material of 
ferroelectric non-volatile memory improved. 

[0006] For this reason, it is characterized by using the methoxy propanol solution containing the metal 
alkoxide of Sr, Bi, and each Ta as application liquid in forming the ferroelectric thin film which consists of Bi 
(bismuth) stratified compound which contains Sr (strontium), Bi (bismuth), and Ta (tantalum) as a component 
element with a wet method according to the formation method of the 1st ferroelectric thin film this 
invention. 

[0007] moreover, the ferroelectric thin film which consists of Bi (bismuth) stratified compound which 
contains Sr (strontium), Bi (bismuth), and Nb (niobium) as a component element according to the formation 
method of the 2nd ferroelectric thin film this invention — a wet method — forming — hitting — as 
application liquid — Sr, Bi, and Nb — it is characterized by using the methoxy propanol solution containing 
each metal alkoxide 

[0008] Moreover, it is characterized by using the methoxy propanol solution containing the metal alkoxide of 
Sr, Bi, and each Ti as application liquid in forming the ferroelectric thin film which consists of Bi (bismuth) 
stratified compound which contains Sr (strontium), Bi (bismuth), and Ti (titanium) as a component element 
with a wet method according to the formation method of the 3rd ferroelectric thin film this invention. 
[0009] Since the wettability to general Pt as a material of a lower electrode of a thin film improves when a 
ferroelectric thin film is formed as application liquid using the methoxy propanol solution containing each 
metal alkoxide of Sr, Bi, and Ta (or Nb or Ti), a possibility that an up electrode and a lower electrode may 
short-circuit, for example is avoidable. Therefore, ferroelectric non-volatile memory can be formed with the 
sufficient yield, for example. 

[0010] Moreover, according to the 1st application liquid for thin film formation of this invention, in the 
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application liquid for forming the ferroelectric thin film which consists of Bi stratified compound which 
contains Sr, Bi, and Ta as a component element with a wet method, it is characterized by making a solvent 
into methoxy propanol including the metal alkoxide of Sr, Bi, and each Ta. 

[001 1] Moreover, according to the 2nd application liquid for thin film formation of this invention, in the 
application liquid for forming the ferroelectric thin film which consists of Bi stratified compound which 
contains Sr, Bi, and Nb as a component element with a wet method, it is characterized by making a solvent 
into methoxy propanol including the metal alkoxide of Sr, Bi, and each Nb. 

[0012] Moreover, according to the 3rd application liquid for thin film formation of this invention, in the 
application liquid for forming the ferroelectric thin film which consists of Bi stratified compound which 
contains Sr, Bi, and Ti as a component element with a wet method, it is characterized by making a solvent 
into methoxy propanol including the metal alkoxide of Sr, Bi, and each Ti. 

[0013] Since the wettability to general Pt as a material of a lower electrode of a thin film improves when it 
reaches and a ferroelectric thin film is formed using the 3rd application liquid, these [ 1st ], the 2nd, and, 
realization of ferroelectric non-volatile memory with few possibilities that an up electrode and a lower 
electrode may short-circuit, for example is expectable. Here, let the amount of each component element at 
the time of adjusting application liquid be an amount according to the composition required of a ferroelectric 
thin film. Moreover, the amount of a solvent is determined mainly in consideration of the membraneous 
quality of the viscosity required of application liquid, and the paint film formed etc. 
[0014] 

[Example] Hereafter, the example of each invention of this application is explained. Numerical conditions, 
such as the material of construction which the following explains and is mentioned and its amount, the 
processing time, processing temperature, and thickness, are only the suitable examples of these invention 
within the limits. Therefore, these invention is not limited only to these conditions. 

[0015] 1. At the example of formation ****** of the application liquid for ferroelectric thin film formation, 
and the ferroelectric thin film using it, it is the application liquid for ferroelectric thin film formation. 
(Application liquid may be called hereafter.) The Bi(bismuth) n-butoxide which is a source of Bi (Bi3 (OC foui 
H9)), And it considered as the methoxy propanol solution which makes a solvent methoxy propanol (C4 
H10O2) including Ta (tantalum) ethoxide (Ta5 (OC two H5)) which is a source of Ta. The applicant himself 
has got the source of the source of Sr, Bi, and each Ta by composition here. If it states briefly, it will 
compound as follows. 

[0016] ** The source of Sr source (Sr ethoxy ethoxide) 

Sr ethoxy ethoxide is compoundable according to the following reaction formulae (1) and (2). First, metallic 
sodium is dissolved in ethoxy ethyl alcohol, and Na (sodium) ethoxy ethoxide (C2 H5 OC2 H4 ONa) is 
compounded (refer to reaction formula (1)). This reaction is performed at a room temperature among 
nitrogen atmosphere. And this Na (sodium) ethoxy ethoxide is made to react with a strontium chloride 
(SrCI2), and Sr ethoxy ethoxide is compounded (refer to reaction formula (2)) 
[0017] 

2Na+2C2 H5 OC2 H4 OH->2C2 H5 OC2 H4 ONa+H2 (1) 

2C2 H5 OC2 H4 ONa+SrCI2 ->Sr(OC2 H4 OC two H5)2+2NaCI (2) 

** The source of Bi source (Bin-butoxide) 

Bin-butoxide is compoundable according to the following reaction formulae (3) and (4). First, metallic sodium 
is dissolved in n-butyl alcohol and Na(sodium) n-butoxide (C4 H9 ONa) is compounded (refer to reaction 
formula (3)). This reaction is performed at a room temperature among nitrogen atmosphere. And this 
Na(sodium) n-butoxide is made to react with a bismuth trichloride (BiCI3), and Bi(bismuth) n-butoxide is 
compounded (refer to reaction formula (4)). 
[0018] 

2Na+2C4 H9 OH->2C4 H9 ONa+H2 (3) 

3C4 H9 ONa+BiCI3 ->Bi(OC four H9)3+3NaCI (4) 

** The source of Ta source (Ta ethoxide) 

Ta ethoxide is compoundable according to the following reaction formulae (5) and (6). First, metallic sodium 
is dissolved in ethyl alcohol and Na (sodium) ethoxide (C2 H5 ONa) is compounded (refer to reaction formula 
(5)). This reaction is performed at a room temperature among nitrogen atmosphere. And this Na (sodium) 
ethoxide is made to react with a tantalum pentachloride (TaCI5), and Ta (tantalum) ethoxide is compounded 
(refer to reaction formula (6)). 
[0019] 

2Na+2C2 H5 OH->2C2 H5 ONa+H2 (5) 

3C2 H5 ONa+TaCI5 ->Ta(OC two H5)5+5NaCI (6) 

Since each source of the source obtained by the above-mentioned composition melts into the solvent for 
application liquid adjustment in high concentration more, it is desirable. 

[0020] The application liquid of an example was prepared by mixing each methoxy propanol solution of Sr 
ethoxy ethoxide, Bin-butoxide, and Ta ethoxide at a predetermined rate. It prepared so that the mole ratio of 
Sr, Bi, and Ta in application liquid might be set to Sr:Bi:Ta=0.7:2.3:2 and the mol concentration of a methoxy 
propanol solution might specifically become in mol [ 0.25 / // I. and ]. 

[0021] When this application liquid is used, in the ferroelectric thin film and concrete target which consist of 
Bi stratified compound which contains Sr, Bi, and Ta as a component element, it is Sr0.7 Bi2.3 Ta 209. A 
ferroelectric thin film (a SrBiTaO thin film may be called hereafter) can be formed on a substrate using the 
following methods of being one of the wet methods. 

[0022] At this example, it is Si02 with a thickness of 1000A on Si wafer with a thickness of 0.6mm as a 
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substrate. The film was formed and what carried out spatter formation of the Pt film with a thickness of 
600A was used on it. And this application liquid was dropped on Pt film of this substrate, rotate in 5 seconds 
immediately after it, the pan was made to rotate a substrate for 30 seconds by 2000rpm by 500rpm, and the 
application film was formed. This application film was dried for 15 minutes at 150 degrees C, and temporary 
baking during 25 minutes was carried out at 460 more degrees C. By temporary baking, it is completely 
burned down by the amount of [ in an application film ] organic substance. After performing processing from 
formation of this application film to temporary baking four totals further 3 times, the temperature up was 
carried out to 800 degrees C by 10-degree-C heating rate for /in oxygen atmosphere, and it held at 800 
degrees C for 1 hour. The SrBiTaO thin film with a thickness of 0.2 micrometers was formed as mentioned 
above. 

[0023] 2. Measure the current which flows to the SrBiTaO thin film (the SrBiTaO thin film of an example 
may be called hereafter) formed by the analysis above-mentioned method of a ferroelectric thin film using 
pA meter (the product made from YHP, 4140BpA METER/DC VOLTAGE SOURCE), and compute current 
density (A/cm2). For this reason, first, Pt film of a circular configuration with 0.3 micrometers [ in thickness 
] and a diameter of 0.2mm was formed with a 150-piece spatter and well-known patterning technology on 
the SrBiTaO thin film, the temperature up was carried out to 800 degrees C by 10-degree-C heating rate 
for /in oxygen atmosphere after that, heat treatment held for 30 minutes at 800 degrees C was performed, 
and the sample for amperometries was formed. In this sample, Pt film by the side of a substrate was used as 
the lower electrode, and it was considered by using 1 50 Pt films on a SrBiTaO thin film as an up electrode 
that they were 150 capacitor elements (a lower electrode is an electrode common to 150 capacitor 
elements.) of simple structure. And about this 150 capacitor element when voltage was impressed to 
inter-electrode [ up-and-down ], respectively, the size of the current which flows to inter-electrode [ these 
] was investigated, and each current density was computed further. In addition, the value which broke by 
area of an up electrode the current value which flows to inter-electrode is current density. 
[0024] Moreover, except for having used as a solvent what mixed methoxy propanol and ethyl alcohol the 
amount of said every instead of methoxy propanol, 150 capacitor elements were similarly produced using the 
application liquid of the same composition as an example about the SrBiTaO thin film (the SrBiTaO thin film 
of the example of comparison may be called hereafter) formed by the same method as an example, and it 
computed as an example of comparison over an example also about such current density. 
[0025] And when those calculation results were examined, it turns out that the group division of the 150 
capacitor elements is carried out by the size of current density. For example, in each of an example and the 
example of comparison, when the voltage of 1.0 (V) was impressed to inter-electrode [ these ] by using a 
lower electrode as a negative electrode, having used the up electrode as the positive' electrode, it was able 
to distinguish among 150 capacitor elements to that whose current density is 10-8 - 10-6 (A/cm2) grade, 
and 10-2 (A/cm2) grade and an extremely big thing. If, as for this, the ferroelectric film is inserted between 
up-and-down electrodes, if the wettability of a thin film is bad and the thin film is missing in part to 
becoming small, an up electrode and a lower electrode will short-circuit current density, and it will be 
thought that the function as a capacitor element is not achieved. For this reason, since (a) current density 
is the capacitor element by which the capacitor element of 10-8 - 10-6 (A/cm2) grade was inserted into 
the electrode of the upper and lower sides of a ferroelectric, it is possible to measure the hysteresis 
characteristic. 

[0026] (b) It is dotted with the portion into which the up electrode and the lower electrode have 
short-circuited the capacitor element of ten to 2 (A/cm2) grade, and current density has not inserted the 
ferroelectric thin film. For this reason, it is impossible to measure the hysteresis characteristic. 
[0027] Since it said, the capacitor element of (a) was made into "the measurable dot", by making the 
capacitor element of (b) into "the dot which cannot be measured", each number of dots was investigated 
and the sample of an example and the example of comparison was shown in Table 1 
[0028] 

Table 1] 





mm 






23 


144 




127 


6 



[0029] To the number of dots with the measurable sample using the SrBiTaO thin film of the example of 
comparison being 23 pieces among 150 pieces, the measurable number of dots of the sample using the 
SrBiTaO thin film of an example is increasing rapidly with 144 pieces among 150 pieces, and this shows that 
the wettability to the lower electrode of the SrBiTaO thin film of an example is improving so that he can 
understand also from this table 1. 

[0030] the application liquid with which the above effect contains Nb alkoxide instead of Ta alkoxide — usin| 
— formation — in a thin film, i.e., the ferroelectric thin film which consists of Bi stratified compound which 
contains Sr, Bi, and Nb as a component element, it is obtained similarly the bottom As a Nb alkoxide, 
pentaethoxy niobium (Nb5 (OC two H5)) can be used, for example. 

[0031] Moreover, in the ferroelectric thin film which consists of Bi stratified compound which contains Sr, Bi 
and Ti as the thin film formed instead of using the application liquid containing Ti alkoxide, i.e., a component 
element, it is obtained similarly. [ Ta alkoxide ] As a Ti alkoxide, tetrapod ethoxy titanium (Ti4 (OC two H5)) 
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can be used, for example. 
[0032] 

[Effect of the Invention] The methoxy propanol solution containing the metal alkoxide of Sr, Bi, and Ta (or 
Nb or Ti) is used as application liquid in forming the ferroelectric thin film which consists of Bi stratified 
compound which contains Sr, Bi, and Ta (or Nb or Ti) as a component element with a wet method according 
to the formation method of the ferroelectric thin film this invention so that clearly also from the explanation 
mentioned above. 

[0033] For this reason, the wettability to general Pt as a material of a lower electrode of the formed 
ferroelectric thin film improves, and realization of ferroelectric non-volatile memory with few possibilities 
that an up electrode and a lower electrode may short-circuit can be expected. 

[0034] Moreover, according to the application liquid for thin film formation of this invention, the application 
liquid for forming the ferroelectric thin film which consists of Bi stratified compound which contains Sr, Bi, 
and Ta (or Nb or Ti) as a component element with a wet method consists of methoxy propanol solutions 
containing the metal alkoxide of Sr, Bi, and Ta (or Nb or Ti). 

[0035] For this reason, when a ferroelectric thin film is formed using this application liquid, the wettability to 
general Pt as a material of the lower electrode of a thin film improves, and realization of ferroelectric 
non-volatile memory with few possibilities that an up electrode and a lower electrode may short-circuit can 
be expected. 
[0036] 



[Translation done.] 
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OB i rit^ft^»6/S^^^f*w^^s^^^ *> 

ftf&T&tclb&WfaffllStto^X . Sr, Bi, fcJiO'T 

[ooi i ] */c c^^(D^2o^JiM^ffl^yS 

tcihtf. f$.ft7vmtLXS v . Bi, teiCJfNbSd 
OB i JBtK{b^^6iaSl*KmfflJK*aS;ffiCCJ: 9 
JfjREt'SfcfitXD^iRtCfcl^. Sr. Bi. fc<fctf N 

[0012] tk, C cD^om 3 coaSISffMffl^ffiifi 
6Cj:n«, JS^TcSRi bXS v , B i , fccfcCTT i £'a 
tsB i Jg f t^-'^^ 1 ^» ^ ^> ^f^^ f S^Sfc ^ 
ffMTS^&CDSfellTjgtCfcl^C. S r , Bi. fcJ:i>*T 

[0013] cnhm i , i$2, ^j^gn^^s^ffl* 

2 Na + 2C 2 H s OC, H 4 OH 



SOr, F/iJx.tf±SPStSiTSBtStSi*^a- 1^5*5 

9Sst?sf*snKcc mr>% ffliatc rs g feat 1 •? z t 
mrnvmnm* see u -c & s r & « 

[0014] 

fW-T5 0 tiTOK0^*^tf6ffifflW^a^cC)a. & 

[0015] 1 . sst^wissiisffjjaffl^rs, -"en^ffl 

) 4. Sr?fi-C*£Sr (X f- 
a>^^A) x h^xKVF (S r (OC, H, O 
20 d H s ) 1 ) , B i i"C*5B i (t'^^^) n-^ 
h^v'F (B i (OC, H 9 ) a ) , fcJctfTaag-CA 
^Ta ih + ^F (Ta (OC, H s ) 

5 ) fiS«t*-^ h + *>7'D^V-;U (C 4 H 19 0 

, ) £T -5^ h+^^'a^V-il/jSfffii lstc a Sr, B 

[00 1 6] ©Sr V-XiB (SrxK^xKJ/ 
K) 

30 Sri h H^^> WT^SJ£S ( 1 > fe^O 

(2) tm~jX£r&?6Ct&X$Z> t , 9t1f\ xh^ 

xh+S/xh + S/F (C, H s OCa H 4 O 
Na) (SfDS ( 1 ) #PS) o C<DSJS«, 

^m^eiM^. ^iartf^. *ur. con a (tpj 

x h + vx F + ^F4*Sfb^ h P>^^A (Sr 

T£ (JSJ^K (2) 
[0017] 



2 C, 



2C 2 H 5 OC 2 H, ONa + H, 
(1 ) 

H, OC, H 4 ONa + S r C 1 i 

Sr (OC, H 4 OC 2 H s ), + 2 N a C 1 (2) 



0B i (B i n -V h + i> F) 

B i n-^h + t/FCi. WTCDSJEK ( 3 ) *3«ttK 

(4) fcee^-c^at-rsci^rss. jtr. n-y^* 

'>A> n-^F*^K (C 4 H 5 ON a) S^SETS 

2Na + 2C 4 H 9 OH-2C 4 H 



v'F^Hilfbt'^vX (BiCU ) £®£S-£~G. B 
i (t'XvX) n-^F + S'Fi^BS-rS (SJ£^ 
(4) #PS) . 
[0018] 



ONa + H, 



(3) 



00 



3C, H 9 ONa + BiCI, ->B 1 (OC 4 H s ) } + 3 NaC 



«?9-2 08 2 2 5 



6 



(4) 



<3>T a V-zm (Tax h + f- ) 
Tax^t^ K WTCOSCES: ( 5 ) J: O' < 8 ) 5C 

vC^IS'i* h U A^fflbtN a h 0 A) x h * 
(C, H 5 ON a) (StES: (5) # 

2Na + 2C, H s OH-^2C 2 
3 C, H s ONa + TaC 1 s -> 

'0 iS aftKr i§ W & <OX fit £ L C > o 

[0020] mim<Dm^nmx, s r x i- * ^x f * > 

h\ B i n - ^h + VK, ^^'TaxhtvFOS^ 

te£'ommL?c n m*m(rct<£, iwws r. Bi, 

fccfcC^'T aOO&;Ufcfc#S r : B i : T a = 0 . 7:2. 

S^o. 2 5 m o 1 / 1 ^Cigl/i: u 
[ 0 0 2 1 ] C CD^Wi££jm> £ <L . fiX#7n*<t LtS 
r . Bu teiO'T a £^t?B i Bl*{fc^^6fi3cS?S 
RffifcKSMS. KW^C^S r 0 . T Bi,., Ta, O s 3$ 
9t«ft»R (tlT. SrBiTa OWKil*TS«^*5 
) £SS&fD— «T^ft^rft^I 

[0 0 2 2] CCOHttWCH, Sffii 0 . 6 m 

mCDS i ^x^_Wc, 1 0 0 0 A CDS i O, Bifc 
fiEU *0±tc/?3 6 0 0 AOP tlS^X^-y 5rJBja:0 
-e-L/T. CCr>S«6DP t JS±tC, CCD 
SfeffifBteSSTb. -eoSfgtc. 11^5 0 0 r pnrC5 
fpffl , 36tC2000 rp rn 'C 3 0 W^iUfe 2 ttr^HT 



U S 6 CC 4 6 0 *cr 2 5 #RB <Ss»£fiE L /c„ IS^fiR tc J: 

cDJF5f&*» h iB&mcm&t&WZ S 6 cc 3 HI . b - 4 
[nltT-j/cfS. B85R®EB:rv*-ci 0 'C/»0)lflMSr 8 
o o r;$ T?£?jS l t 8 0 0 x;r i mmm$ l tc m±<d 

J:9Ccor, W30. 2 muiOS r B i T a Oii*JE5£Jf; 

[0 0 2 3 ] 2 . 3S85Kf*»HS<D#ff 

WDS r B i TaOajRif/irriJS^ftS. ) SCjjfeft 
51S«pA^-? (YHPm 4 1 4 0 Bp A M 
ETER/DC VOLTAGE SOURCE) 

o-csijsu (a/ cm 1 > c<d 

fctf), *r. S r B i TaOiSJBUiKjgS 0. 3/zin, 
SfSO. 2 mmCORJKJRttCDP t JK* 1 5 OfllX'^ £ 

^ffljm^-c i o*c/^©ijoi»iia-c8 o o -ct-cws. 
i, so ovv3 0ftffimt%-rzftJ&m%t&bx> mm 



20 



-C, CON a (t F WA) x h-t l > ViliiS.it 
)l (TaC 1 s ) iSJ£3i*"C. Ta x h 

+ i/ K*^SE-T* (SCEK (6 ) #HS) 0 
* [0019] 

H s ONa + H, (5 ) 

Ta (OC, H s ) s +5NaC I 
(6) 

P t. BiTSmmt l, SrBiTa 0atHI±O 1 5 0 

>r>-^ J f 1 (T«P*BSt-i 1 5 0fS6^r3>r>-^^cc 
Siotir^s, ) rv^^iUKbfc fit, ccd 

®Pui cc^ji^Epfln o /c i # tc; c n 6 msr^ tc^^t a ^ 

9J o fcffi#m«£!H5 r * ^> o 
[0 02 4] ttc. : &Ut L'CJ b*is-7ZLJ*S-)l,<D 

ZcSrBi Ta OMm (KT, tt«CTOS r B i Ta O 
»iiMS»^*6 a ) Kioorfclalffitti 5 0 M 

[0 0 2 5]* ir, *neoisai*gs*^gtL,/tic 

(V) comE^ErWnOfci^, 1 5 0fl©n>r>^ 
-T-O^. mSEffiS^. 10--10' 1 (A/cm 2 ) 
gar*5*><D£, 10- ! (A/cm 1 ) ffiaiffiffltC 

A ar >^ cd <h Ejjijr & c i & r * c n t.t . .trco 
omc %mmfc m&tk s n -c ^ n tffflijfcffijs «/j ■> s 

l r l ^ t tmmrn t rmmm t i. n > > -y- 

(a)ffiifeffifi^ 1 0- 8 - 1 0- B (A/c m' ) fM[g 

cd n > r > -y-sR-T-ti , ^mmm^tTomm 5cf* s n fc 

[0 0 2 6] ( b ) IBijicafSA^ I 0" 1 (A/c in 1 ) 



30 



40 



50 



[ 0 0 2 7 ] il^SCi^e. ( a ) (D3yf>« 
^* rjgiJ^pTfiB& K *v h J il, ( b ) COa >ir >n^S 

r»J3£*nJ1J&tt i- ^ h j itt. HlfiW*sJ:c/J:t« 

[0 02 8] 











23 


144 




127 


6 



OS r B i T a OMS£fflU/cKf4W:, MMoJ^tj: K * 
hSWU 5 01*2 3flrc*£05C:*tU fgiislWCDS r 

b i t aomm^m^^amcoBmwnm k ? hifc« i 

5 0ffll*14 4ffil<bf8ieL-Cte , 3, COCi^t., IWfc 
B*JOS r B i TaOfSK©, TaP'Sffi«C*t"r 

[ 0 0 3 0 ] Jil±OSaafi, TaT-rU3*^FO«3bO 

i m m t h&z mm-mtmrniz *? o > r h mmc m 

F + ^^7'(Mb (OC 2 H s ) s ) im^ZCttifi 
[0 0 3 1] TaTJU^ + ^KcDttto^c, T i 



(5) ^9-2 08 22 5 

S 

*b%ffi»7C^tl/rSr, Bi, T i «rS^B i JSKft 

£>(Ti (OC 2 H, )« ) »^Ci«5„ 
[0 0 3 2 ] 

brSr, Bi, tecfcO'Ta (S/dJNbS/dJT i ) 
10 «fc9J&&T5fcSfc9. SfeffiSiLT. Sr, Bi. 

[0 0 3 3 ] CO/c*, ffJ^SL/c?SSI«i*ieWSO, TSli 
litiofffli ir-M^c p t te*hr £a&fttt#i*j± 

[0034] c<Dmw<DmwMi£mwfcmc&ti 

tf. ^TC-liirS r, Bi, 4B<fctFTa <*fc«N 
bS/cttT i ) £#^B i JffltKfb^ft^&fiEiftKStt 
20 SgM^iS^^ Sr. B 

i, fecfc^Ta (*W*Nb4fcttT i ) <D#B7^3 

[o o 3 5 ] t<D?c#>. commwi^m^xmmnwn 

[0036] 



C5i)int.ci. 6 SSKilaa-^ frl*lSffl«-5t FI trpfrfb-nffiiTf 

H 0 1 L 29/78$ 
29/792 



